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Abstract—A study has been carried out to investigate the 
performance of various 2-D laser scanners, which influence the 
map building quality and localization performance for a mobile 
robot. Laser scanners are increasingly used in automation and 
robotic applications. They are widely used as sensing devices for 
map building and localization in navigation of mobile robot. 
Laser scanners are commercially available, but there is very little 
published information on the performance comparison of various 
laser scanners on the mobile robot map building and localization. 
Hence, this work studies the performance by comparing four 
laser scanners which are Hokuyo URG04LX-UG01, Hokuyo 
UTM30LX, SICK TIM551 and Pepperl Fuchs ODM30M. The 
results, which are verified by comparison with the reference 
experimental data, indicated that the angle resolution and 
sensing range of laser scanner are key factors affecting the map 
building quality and position estimation for localization. From 
the experiment, laser scanner with 0.25° angle resolution is 
optimum enough for building a map of sufficient quality for good 
localization performance. With 30meter of sensing range, a laser 
scanner can also result in better localization performance, 
especially in big environment. 
 
Index Terms— Laser Scanner; Specification; Map Building; 




Robotic application is on the rise in the field of manufacturing 
and service industry. A reliable perception of the environment 
is crucial in robotic applications especially for autonomous 
navigating system. An autonomous navigating system, which 
moves in complex everyday environment and interacts with 
humans, has to monitor multiple aspects of the environment 
for reliable navigation [1]. For a ground driven mobile 
platform, 2D laser scanner is the most commonly used sensor 
in the environment perception or detection. The laser scanner 
provides all information to derive an appropriate geometric 
map of the environment that is ready for localization, 
trajectory planning and movement tasks. According to Carmer 
[2], the information derived from the laser scanner is useful in 
several algorithms such as filtering, map building and 
localization. It has been widely used in localization [3, 4], 
dynamic map building [5, 6] and collision avoidance [7]. 
A laser scanner is a high cost sensor and there are many 
types of laser scanners with variety of specifications in the 
current robotic community. The selection of the laser scanner 
is important as it affects the overall navigation performance 
but is difficult due to the variations in each sensor 
specification. The performance of the laser scanner can be 
influenced by the specification. The parameters typically listed 
in the specification include minimum and maximum 
measurement distance, measurement accuracy, field of view, 
scan rate and angle resolution. Hence, the main work from this 
paper is to investigate how the performance of each 
specification parameter of the laser scanner can affect robot 
map building and localization performance. 
Mapping is the process of creating a spatial model of the 
environment surrounding the robot [8]. The map is then used 
for localization and navigation. Localization tells the robot 
where it is in relation to the environment [8]. Mapping can be 
done using laser scanners. 
Four types of laser scanners are chosen for this performance 
evaluation, which are URG-04LX-UG01 and UTM-30LX 
from Japanese company Hokuyo [9], TIM551-2050001 from 
German company Sick [10] and OMD30M-R2000 from 
German company Pepperl Fuchs [11]. In Section II, a 
technical comparison of the laser scanners is presented and 
discussed, whereas in Section III, the experiment setup is 
described. An evaluation of the mapping and localization 
performance is also discussed in Section IV. 
 
II. TECHNICAL COMPARISON 
 
Laser scanner emits an infrared beam and a rotating mirror 
changes the beam’s direction. Laser hits the surface of an 
object and is reflected [12]. The direction of reflected light is 
changed again by a rotating mirror, and captured by the photo 
diode [12]. The phases of the emitted and received light are 
compared and the distance between the sensor and the object 
is calculated [12]. Table 1 summarizes the technical properties 
of four popular scanner types. The selection of the laser 
scanners is based on their sensing range, angle resolution, 
brand and price. 
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A. Hokuyo URG04LX 
URG04LX has a sensing distance between 0.06 m and 4.10 
m when the object is white in surface. The measurement 
accuracy is ±30 mm for distances of less than 1 m. Its rotating 
mirror can sweep the laser beam horizontally over a range of 
240°, with an angular resolution of 0.36°. As the mirror rotates 
at about 600 rpm, the scan rate is about 10 Hz. It is considered 
as low priced among the four laser scanners. 
 
B. Sick TIM551 
Sick TIM551 can measure distance between 0.05 m and 
10.00 m. It has an accuracy of ±60 mm in distance 
measurement. The laser scanner has a field of view of up to 
270° with angular resolution of 1°. The scanning frequency is 
15 Hz. It is priced as medium range laser scanner among the 
four laser scanners. 
 
C. Hokuyo UTM30LX  
Hokuyo UTM30LX is widely used in industry and research 
field as it has the capability of measuring distance from 0.1 m 
to 30.00 m. The accuracy of the measurement is ±30 mm for 
distances of less than 10m and ±50 mm for distances of less 
than 30m. The field of view of the laser scanner is 270° with 
angle resolution of 0.25°. The scan rate of the sensor can go 
up to 40Hz. It is a high priced laser scanner. 
 
D. Pepperl Fuchs OMD30M 
Another laser scanner with high specification is the Pepperl 
Fuchs OMD30M. OMD30M has distance measurement from 
0.1 m to 30 m. The accuracy of the measurement is ±10 mm. 
It has a full 360° viewing angle with the angle resolution up to 
0.014°. The scanning frequency is 50Hz. It is the highest 
priced among the four laser scanners. 
 
III. EXPERIMENT SETUP 
 
The presented work was implemented on a mobile robot 
with Robot Operating System (ROS). Experiments were 
designed to compare the map building quality produced by 
each of the laser scanners in real environments as well as 
using the map produced to compare the localization 
performance by using “Stage” simulation from ROS. 
 
A. Mapping 
In this experiment, the mapping algorithm used was the 
Gmapping algorithm. Gmapping is a highly efficient Rao-
Blackwellized particle filler to learn grid maps from laser 
scanner data. 
A mobile robot is built by using a Kobuki platform (ROS 
supported). Figure 1 shows the mobile robot and the 
placement position of the laser scanner, is indicated by the red 
box. In order to build the map using the robot, the process as 
shown in Table 2 is carried out to obtain the best map 
representation from each laser scanner. There is also a 
reference map constructed manually, which represents the 




Figure 1: Mobile robot with Kobuki platform and laser scanner. 
 
Table 2 
Steps for Running Mapping Experiment 
 
Steps for running mapping experiment 
1. Bring up the ROS System. 
2. Bring up the Kobuki platform. 
3. Bring up the driver of the sensor being used. 
4. Start Gmapping. 
5. Save the map. 
6. Steps 1 – 5 are repeated to obtain three maps. 
7. Best map with less noise and high accuracy is selected. 
 
B. Localization 
The localization algorithm used in the experiment is 
Adaptive Monte Carlo Localization (AMCL). AMCL 
implements the adaptive (or KLD-sampling) Monte Carlo 
localization approach, which uses a particle filter to track the 
pose of a robot against a known map [13]. 
The experiment was carried out using the Stage simulation 
from ROS. Stage is a 2D robot simulator. It provides a virtual 
world populated by mobile robots and sensors, along with 
various objects for the robots to sense and manipulate. Stage 
simulates a world as defined in a world file. This file used the 
map built from the map building experiment to tell Stage 
everything about the world. The process of running this 
Performance Evaluation of Various 2-D Laser Scanners for Mobile Robot Map Building and Localization 
 ISSN: 2180-1843   e-ISSN: 2289-8131   Vol. 8 No. 11 107 
experiment is described in Table 3. 
 
Table 3 
Step for Running Localization Experiment 
 
Steps for running localization experiment 
1. Stage simulator is loaded with sensor model with its respective map built. 
2. Start AMCL and navigation package in ROS. 
3. Robot is fixed at its initial position. 
4. Robot is asked to travel a path to its desired position. 
5. The localized position is collected along the path. 
6. Steps 3-5 are repeated five times to get the average localized position. 
7. Steps 3-6 are repeated with another two different paths. 
8. Steps 1-7 are repeated using different sensor model with its respective 
map built. 
9. All the average localized positions from three different paths and from 
four different sensors as well as from a reference map are interpolated 
into 100 sample points for analysis. 
 
IV. RESULTS AND DISCUSSION 
 
A. Map Building Comparison 
Figures 2(a) until 2(e) show the best map building results 
from each of the laser scanner. From observation, the four 
laser scanners managed to build the map similar to the 
reference map. The resolution of all the maps built is 
0.1meter/grid or 0.1meter/pixel in an image. The reference 
map, which is based on the blueprint of the environment is 
drawn manually with 0.1meter/pixel. The mappings produced 
by both the Hokuyo UTM30LX and Pepperl Fuchs OMD30M 
seems to have similar quality.  
There are slight noises produced by the Hokuyo URG04LX. 
However, the map built by SICK TIM551 contains a lot of 
noise and the quality is apparently lower compared to the 
other three mappings. This might be due to the poorer angle 
resolution of SICK TIM551 (1°). Hence, from this it can be 
concluded that the quality of the map building depends on the 
angle resolution of laser scanners. An angle resolution of 0.25° 
is optimum enough for building a map.  
 
B. Localization Comparison 
The first localization experiment is to assign the robot to 
move a straight line for 6 meters as shown in the Figure 3(a). 
The second localization experiment is to assign the robot to 
move along a curve with a lot of features along the path. 
Figure 3(b) shows the described path.  
The purpose of this experiment is to eliminate the limitation 
of range capability of laser scanners and analyze their 
performance. The last localization experiment has longer and 
more complex path. The path is shown in Figure 3(c). The 
purpose of this experiment is to investigate the localization 
performance when a robot has to travel along a long path.  
The estimated position of four localization performances 
from four different laser scanners, with their respective 
mapping is collected. The positions collected from reference 
map are used as reference positions. The collected positions 
are interpolated into 100 points and the difference between the 
reference positions and estimated positions for each point are 
computed. Finally the cumulative error is obtained from all the 





Figure 2: (a) Reference map drawn manually. (b) Map built by Sick TIM551. 
(c) Map built by Hokuyo URG04LX. (d) Map built by Hokuyo UTM30LX. 
(e) Map built by Pepper Fuchs OMD30M 
 
 
Figure 3: (a) Experiment with straight line path. (b) Experiment with short 
curve path. (c) Experiment with complex and long path. 
 
a. Straight Path 
The result of this experiment is shown in Figure 4. The 
localized position from simulated Hokuyo URG04LX and its 
built map shows poorest result compared to the other three 
laser scanners. This might be affected by the range limit from 
the laser scanner. The distance along the path is more than the 
range capability of the laser scanner, which results in 
inaccurate estimated position. 
The other three laser scanners have similar estimated 
position. TIM551 has the second poorest result and this might 
be due to the poor quality of the map building by itself. From 
this experiment, with the limited sensing range from laser 





(a) (b) (c) 
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Figure 4: Cumulative error results from each of laser scanners. 
 
b. Short Curve Path 
The comparisons of cumulative error results are shown in 
Figure 5. Both URG04LX and TIM551 shows similar end 
results while both UTM30LX and OMD30M shows another 
set of similar end results, which is better than the former set. 
In fact when looking at the cumulative error along the path, 
URG04LX, UTM30LX and OMD30M show similar good 
performance in the beginning until the middle of the path. The 
estimated position by URG04LX started to lose its accuracy 
from the middle of the path. This might be due to the 
environment around the end path, which is longer and the 
range capability of URG30LX cannot handle it. The 
experiment shows that poor mapping affects localization 





Figure 5: Cumulative error results from each of laser scanners. 
 
c. Long and Complex Path 
The results from 4 different laser scanner for the long and 
complex path are shown in Figure 6. Experiment result shows 
that the OMD30M can give accurate result with the least 
cumulative error among the four laser scanners although both 
the OMD30M and UTM30LX has same sensing range with 
OMD30M having higher angle resolution. Based on the 
specification, the OMD30M can sense more accurate feature 
hence, should result in better position estimation.  
The URG04LX has better position estimation in the 
beginning but poorest estimation in the end. Both the sensing 
range and the angle resolution of laser scanner are crucial in 
getting a good localization performance. In order to get a 
stable localization performance along the path, these two 





Figure 6: Cumulative error result from each of laser scanners 
 
d. Overall Performance 
From all the results obtained, OMD30M from Pepperl 
Fuchs shows the best performance for localization 
performances due to its highest specification among the four 
laser scanners, but it is also the most expensive laser scanner 
among the four. The performance from Hokuyo UTM30LX is 
shown to be good enough for map building and localization at 




An investigation of laser scanner performance has been 
conducted to identify parameters that influence the map 
building quality and localization performance for a mobile 
robot navigation. This investigation was run several 
experiments using a mobile robot with ROS system. From the 
experiment, it can be concluded that angle resolution of laser 
scanner is important and it affects the quality of the map 
building. Better angle resolution from a laser scanner results in 
a less noisy map.  
Quality of the map built for robot localization is very crucial 
because a noisy map will result in poor position estimation. 
Besides, with better angle resolution of laser scanner, it can 
sense more features in the environment, improving position 
estimation of the mobile robot. With 0.25° angle resolution, 
laser scanner manages to build a map of sufficient quality and 
obtain good localization performance. Sensing range of laser 
scanner is also important because it affects the position 
estimation, especially when a robot is in a big environment 
where the laser scanner can hardly sense the features. To be 
specific, 30 meter of sensing range is able to produce better 
localization performance.  
Overall, Pepperl Fuchs OMD30M produces the best 
performance in robot localization due to it having the best 
angle resolution and sensing range. 
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